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METHODS AND APPARATUS FOR
DETECTING A FALL OF USER

FIELD OF THE INVENTION

The invention relates to methods and apparatus for detect-
ing a fall of a user, especially to methods and apparatus for
detecting a fall of a user by using pressure sensors.

BACKGROUND OF THE INVENTION

Many people are at increased risk of injury or death as a
result of a chronic health condition or complications resulting
from acute illness, disability, or advancing age. Many other
people suffer from chronic, or at least sustained, conditions
that require long term treatment. Other people, such as sol-
diers, police, fire fighters, rescue workers, etc., work under
hazardous and life-threatening conditions. In many instances,
detecting a fall of these individuals is necessary to render aid
when needed to prevent further health issues that could result
from a fall.

Monitoring altitude change of a wearable fall detecting
apparatus can detect a fall of a user. Usually, the altitude of a
fall detecting apparatus worn at the neck of the user will
change about 60 cm when a fall occurs. Therefore, whether a
fall occurs or not can be detected by checking the altitude
change of the fall detecting apparatus. To obtain the altitude
change of the fall detecting apparatus, a pressure sensor is a
good candidate sensor that can measure atmosphere pressure,
which can be converted into an altitude value.

When the altitude value is taken into consideration for
detecting a fall, it would be better to have a pressure sensor
that can obtain an altitude value with a resolution of about 10
cm, allowing a fall to be detected correctly without a false
dismissal or a false alarm. However, a pressure sensor cannot
fulfill the resolution requirement of 10 cm when the pressure
sensor’s orientation varies.

FIG. 1 illustrates a schematic diagram of a pressure sensor
SCP1000-D01 produced by VTI Technologies, and FIG. 1 (b)
illustrates measured altitude values vs real altitude values
when the orientation of the pressure sensor varies. The dashed
line with triangles corresponds to the situation when the pres-
sure sensor’s surface with the text “D01” is vertical to the
ground; the solid line with squares corresponds to the situa-
tion when the pressure sensor’s surface with the text “D01”
faces upward; and the dash-dot line with diamonds corre-
sponds to the situation when the pressure sensor’s surface
with the text “D01” faces downward.

Referring to FIG. 1 (b), the pressure sensor may obtain an
altitude variation value with an error of 50 cm if the pressure
sensor’s surface with the text “D01” turns from upward to
downward. In fall detection applications, an altitude value
with an error of 50 cm cannot be accepted because it will
generate a false dismissal or a false alarm. The reason for an
error of the altitude value is that the atmosphere pressure is
measured by detecting the deformation, in response to the
atmosphere pressure, of a pressure sensing element com-
prised in the pressure sensor, and the weight of the pressure
sensing element affects the deformation of the pressure sens-
ing element when the pressure sensor’s orientation varies. In
addition, a protective gel is provided on the pressure sensing
element to protect the pressure sensing element from mois-
ture, and the weight of the protective gel also affects the
deformation of the pressure sensing element.

SUMMARY OF THE INVENTION

Considering the error in altitude value brought by the error
in atmosphere pressure caused by the pressure sensor orien-
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2

tation variation mentioned above, it would be advantageous
to reduce or eliminate the error in atmosphere pressure mea-
sured by the pressure sensor to improve fall detection accu-
racy.

To better address one or more of the above concerns, in a
first aspect of the present invention, there is provided an
apparatus for detecting a fall of a user, the apparatus compris-
ing:

first and second pressure sensors configured to obtain first
and second data values of atmosphere pressure and intended
to be worn on the body of the user; and

aprocessor configured to derive a third data value of atmo-
sphere pressure for determining whether a fall occurs or not
from the first and second data values of atmosphere pressure;

wherein the first and second pressure sensors are config-
ured in a way such that preset orientations of the first and
second pressure sensors are opposite to each other.

The preset orientations can be determined in many ways,
such as on the basis of the appearance or the structure of the
pressure sensors. Since the preset orientations of the first and
second pressure sensors are configured so as to be opposite to
each other, the weight of measuring elements comprised in
the first and second pressure sensors have opposite effects on
the measured atmosphere pressure. Therefore, the error of the
measured atmosphere pressure caused by pressure sensor
orientation variation can be compensated by deriving the
third data value of atmosphere pressure from the first and
second data values of atmosphere pressure obtained by the
first and second pressure sensors.

In a second aspect of the present invention, there is pro-
vided a pressure sensor for measuring atmosphere pressure,
the pressure sensor comprising:

first and second pressure sensing elements configured to
obtain first and second data values of atmosphere pressure;
and

aprocessor configured to derive a third data value of atmo-
sphere pressure from the first and second data values of atmo-
sphere pressure;

wherein each pressure sensing element is deformable in
response to the atmosphere pressure and comprises an atmo-
sphere pressure sensing surface, and the normal direction of
the atmosphere pressure sensing surface of the first pressure
sensing element is configured so as to be opposite to the
normal direction of the atmosphere pressure sensing surface
of the second pressure sensing element.

Since the atmosphere pressure sensing surfaces of the first
and second pressure sensing elements face in opposite direc-
tions, the weight of the first and of the second pressure sens-
ing elements have opposite effects on the deformation of the
first and second pressure sensing elements, i.e., the measured
atmosphere pressure. Therefore, the error of the measured
atmosphere pressure caused by orientation variation of the
pressure sensor can be compensated by deriving the third data
value of atmosphere pressure from the first and second data
values of atmosphere pressure obtained by the first and sec-
ond pressure sensing elements.

In a third aspect of the present invention, there is provided
an apparatus for detecting a fall of a user, the apparatus
comprising:

a pressure sensor configured to obtain a data value of
atmosphere pressure for determining whether a fall occurs or
not and intended to be worn on the body of the user, the
pressure sensor comprising a pressure sensing element being
deformable in response to the atmosphere pressure; and

a housing configured to house the pressure sensor;

wherein the pressure sensing element comprises an atmo-
sphere pressure sensing surface and the pressure sensor is
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configured in the housing in a way such that the normal
direction of the atmosphere pressure sensing surface is sub-
stantially vertical to the gravity direction when the pressure
sensor falls to the ground.

Since the normal direction of the atmosphere pressure
sensing surface is substantially at right angles to the gravity
direction when the pressure sensor falls to the ground, the
weight of the pressure sensing element has little effect on the
deformation of the pressure sensing element, i.e., the mea-
sured atmosphere pressure, and then the error of measured
atmosphere pressure caused by improper pressure sensor ori-
entation is almost eliminated.

In a fourth aspect of the present invention, there is provided
a method of detecting a fall of a user, the method comprising:

obtaining first and second data values of atmosphere pres-
sure by first and second pressure sensors intended to be worn
on the body of the user; and

deriving a third data value of atmosphere pressure for
determining whether a fall occurs or not from the first and
second data values of atmosphere pressure by a processor;

wherein the first and second pressure sensors are config-
ured in a way such that preset orientations of the first and
second pressure sensors are opposite to each other.

In a fifth aspect of the present invention, there is provided
a method of measuring the atmosphere pressure, the method
comprising:

obtaining first and second data values of atmosphere pres-
sure by first and second pressure sensing elements; and

deriving a third data value of atmosphere pressure from the
first and second data values of atmosphere pressure by a
processor;

wherein each pressure sensing element comprises an atmo-
sphere pressure sensing surface which is deformable in
response to the atmosphere pressure, and the normal direction
of the atmosphere pressure sensing surface of the first pres-
sure sensing element is configured so as to be opposite to the
normal direction of the atmosphere pressure sensing surface
of the second pressure sensing element.

These and other aspects of the invention will be apparent
from and elucidated with reference to the embodiments
described hereinafter.

DESCRIPTION OF THE DRAWINGS

The above and other objects and features of the present
invention will become more apparent from the following
detailed description considered in connection with the
accompanying drawings, in which:

FIG. 1 (a) depicts a schematic diagram of a pressure sensor
SCP1000-D01 produced by VTI Technologies, and FIG. 1 (b)
depicts measured altitude values vs real altitude values when
the orientation of the pressure sensor varies;

FIG. 2 (a) to FIG. 2 (e) depict schematic diagrams of
embodiments of the first and second pressure sensors;

FIG. 3 (a) to FIG. 3 (¢) depict schematic diagrams of
embodiments of the first and second pressure sensing ele-
ments;

FIG. 4 (a) to FIG. 4 (d) depict schematic diagrams of
embodiments of the fall detecting apparatus comprising a
pressure sensor;

FIG. 5 (a) and F1G. 5 (b) depict schematic diagrams of one
embodiment of the shape of the housing comprised in the fall
detecting apparatus comprising a pressure sensor;

FIG. 6 (a) to FIG. 6 (¢) depict schematic diagrams of
another embodiment of the shape of the housing comprised in
the fall detecting apparatus comprising a pressure sensor;
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FIG. 7 is a flowchart illustrating an embodiment of the
method of detecting a fall of a user; and

FIG. 8 is a flowchart illustrating an embodiment of the
method of measuring the atmosphere pressure.

The same reference numerals are used to denote similar
parts throughout the Figures.

DETAILED DESCRIPTION

Firstly, there is provided an apparatus for detecting a fall of
a user.

The apparatus comprises first and second pressure sensors
210, 220 configured to obtain first and second data values of
atmosphere pressure and intended to be worn on the body of
the user.

FIG. 2 (a) to FIG. 2 (e) depict schematic diagrams of
embodiments of the first and second pressure sensors 210,
220.

Referring to FIG. 2 (a) and FIG. 2 (b), the first and second
pressure sensors 210, 220 are configured in a way such that
preset orientations of the first and second pressure sensors
210, 220 are opposite to each other.

The first and second pressure sensors 210, 220 are of such
a kind that their orientations have an effect on the measured
atmosphere pressure, i.e., measurement errors are generated
due to pressure sensor orientation variations. The reasons for
measurement errors due to pressure sensor orientation varia-
tion can be manifold: for example, the weight of measuring
elements (not shown) comprised in the pressure sensors has
an effect on the measured atmosphere pressure.

The first and second pressure sensors 210, 220 can be of the
same type having the same appearance and/or structure as
showninFIG. 2 (a) and FIG. 2 (), or of different types having
different appearances and/or structures.

The preset orientations can be determined in many ways,
for example, based on the appearance or the structure of the
pressure sensors. [f the first and second pressure sensors 210,
220 are of the same type having the same appearance, the
preset orientation can be determined according to the appear-
ance of the first and second pressure sensors 210, 220; for
example, the preset orientation can be the orientation of the
front side of the pressure sensor. If the first and second pres-
sure sensors 210, 220 are different types of pressure sensors,
the preset orientation can be determined according to the
structure of the first and second pressure sensors 210, 220; for
example, the preset orientation can be the orientation of a
measuring element comprised in the pressure sensor.

The preset orientations of the first and second pressure
sensors 210, 220 are configured so as to be opposite to each
other, exerting opposite effects on the data values of atmo-
sphere pressure measured by the first and second pressure
sensors 210, 220. For example, the first pressure sensor 210
measures a first data value of atmosphere pressure which is
slightly higher than the real data value of atmosphere pres-
sure, and then the second pressure sensor 220 measures a
second data value of atmosphere pressure which is slightly
lower than the real data value of atmosphere pressure. There-
fore, by deriving a third data value of atmosphere pressure for
determining whether a fall occurs or not from the first and
second data values of atmosphere pressure by a processor (not
shown) comprised in the apparatus, a measurement error
caused by orientation variation of the apparatus comprising
the first and second pressure sensors 210, 220 can be reduced
or even eliminated.

The third data value of atmosphere pressure can be derived
from the first and second data values of atmosphere pressure
in many ways, depending on the effects on the measured
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atmosphere pressure when orientations of apparatus compris-
ing the pressure sensors 210, 220 are different. For example,
if the absolute values of the measurement errors are substan-
tially the same for the atmosphere pressure data value mea-
sured by the first and second pressure sensors 210, 220, of
which the preset orientations are opposite, the third data value
of atmosphere pressure can be derived by calculating the
average of the first and second data values of atmosphere
pressure. If the absolute values of the measurement errors are
not the same for the atmosphere pressure data value measured
by the first and the second pressure sensor 210, 220 in oppo-
site orientations, the weight factors of the first and second
data values of atmosphere pressure are different for deriving
the third data value of atmosphere pressure. The weight fac-
tors can be determined in many ways, for example, based on
a rule of thumb formula by detecting the orientation of the
pressure sensors 210, 220 with accelerometers.

Referring to FIG. 2 (¢) to FIG. 2 (e), in an embodiment of
the first and second pressure sensors 210, 220, each pressure
sensor 210, 220 comprises a pressure sensing element 250
with an atmosphere pressure sensing surface 230, and the
orientation is the normal direction 235 of the atmosphere
pressure sensing surface 230 of each pressure sensor 210,
220. In this way, if the first and second pressure sensors 210,
220 have different appearances, they can be given opposite
preset orientations according to the normal direction 235 of
the atmosphere pressure sensing surface 230.

The pressure sensing element 250 is deformable in
response to atmosphere pressure. The pressure sensing ele-
ment 250 can be configured in many ways, for example, it
may take the form of an elastic film. The pressure sensing
element 250 has two surfaces, one surface facing a vacuum
space, and the other being the atmosphere pressure sensing
surface 230 facing an atmosphere space which is connected to
the outside air via an air entrance 240 through which the
atmosphere enters.

When the atmosphere pressure sensing surface 230 is flat
as shown in FIG. 2 (¢), the normal direction 235 of the
atmosphere pressure sensing surface 230 is the direction
extending from the pressure sensing element 250 to the atmo-
sphere space and being perpendicular to the atmosphere pres-
sure sensing surface 230. When the atmosphere pressure
sensing surface 230 is curved as shown in FIG. 2 (d), the
normal direction 235 of the atmosphere pressure sensing
surface 230 is the direction extending from the pressure sens-
ing element 250 to the atmosphere space and being perpen-
dicular to the plane tangent to the vertex of the atmosphere
pressure sensing surface 230.

Referring to FIG. 2 (e), in another embodiment of the first
and second pressure sensors 210, 220, the normal direction
235 ofthe atmosphere pressure sensing surface 230 is parallel
to the normal direction 245 of the air entrance 240. The
normal direction 245 of the air entrance 240 is the direction
extending from the air entrance 240 to the outside of the
pressure sensors 210, 220, and being perpendicular to the
plane of the air entrance 240. In this way, the preset orienta-
tions of the first and second pressure sensors 210, 220 can be
configured so as to be opposite to each other in accordance
with the air entrance 240 orientation, which is easy for imple-
mentation.

The layout of the first and second pressure sensors 210,220
can be configured in many ways. For example, the first and
second pressure sensors 210, 220 can be closely spaced as
shown in FIG. 2 (@) and FIG. 2 (), or they can be placed with
a certain interval between them on a Printed Circuit Board
260 as shown in FIG. 2 (¢) to FIG. 2 (d). In addition, the
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relative position between the first and second pressure sensors
210, 220 and the housing (not shown) covering them is not
subject to any limitations.

FIG. 3 (a) to FIG. 3 (¢) depict schematic diagrams of
embodiments of the first and second pressure sensing ele-
ments 320, 330.

Secondly, there is provided a pressure sensor 310 for mea-
suring atmosphere pressure.

The pressure sensor 310 comprises first and second pres-
sure sensing elements 320, 330 configured to obtain first and
second data values of atmosphere pressure.

Each pressure sensing element 320, 330 is deformable in
response to the atmosphere pressure and comprises an atmo-
sphere pressure sensing surface 324, 334, and the normal
direction 328 of the atmosphere pressure sensing surface 324
of'the first pressure sensing element 320 is configured so as to
be opposite to the normal direction 338 of the atmosphere
pressure sensing surface 334 of the second pressure sensing
element 330, i.e., the atmosphere pressure sensing surfaces
324, 334 of the first and second pressure sensing elements
320, 330 face in opposite directions.

The first and second pressure sensing elements 320, 330
are deformable in response to atmosphere pressure and they
can be configured in many ways, for example as an elastic
film. The pressure sensing element 320, 330 has two surfaces,
one being the surface facing a vacuum space, and the other
being the atmosphere pressure sensing surface 324, 334 fac-
ing an atmosphere space which is connected to the outside air
via an air entrance 340 through which the atmosphere enters.

When the atmosphere pressure sensing surface 324, 334 is
flat as shown in FIG. 3 (a) and FIG. 3 (¢), the normal direction
328, 338 of the atmosphere pressure sensing surface 324, 334
is the direction extending from the pressure sensing element
320, 330 to the atmosphere space and being perpendicular to
the atmosphere pressure sensing surface 324, 334. When the
atmosphere pressure sensing surface 324, 334 is curved, as
shown in FIG. 3 (), the normal direction 328, 338 of the
atmosphere pressure sensing surface 324, 334 is the direction
extending from the pressure sensing element 320, 330 to the
atmosphere space and being perpendicular to the plane tan-
gent to the vertex of the atmosphere pressure sensing surface
324, 334.

The pressure sensor 310 further comprises a processor (not
shown) configured to derive a third data value of atmosphere
pressure from the first and second data values of atmosphere
pressure. The third data value of atmosphere pressure can be
derived from the first and second data values of atmosphere
pressure in many ways. For example, the third data value of
atmosphere pressure is derived by calculating an average of
the first and second data values of atmosphere pressure.

Since the atmosphere pressure sensing surfaces 324, 334 of
the first and second pressure sensing elements 320, 330 face
in opposite directions, the weight of the first and second
pressure sensing elements 320, 330 have opposite effects on
the deformation of the first and second pressure sensing ele-
ments, i.e., the first and second data values of atmosphere
pressure. Therefore, by deriving the third data value of atmo-
sphere pressure from the first and second data values of atmo-
sphere pressure obtained by the first and second pressure
sensing elements 320, 330, there is hardly any measurement
error when the orientation of the pressure sensor 310 com-
prising the first and second pressure sensing elements 320,
330 varies.

The layout of the first and second pressure sensing ele-
ments 320, 330 can be configured in many ways. For
example, the first and second pressure sensing elements 320,
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330 can share the same air entrance 340, as shown in FIG. 3
(a) and FIG. 3 (b), or have separate air entrances 340, as
shown in FIG. 3 (¢).

FIG. 4 (a) to FIG. 4 (d) depict schematic diagrams of
embodiments of a fall detecting apparatus 400 comprising a
pressure sensor.

Thirdly, there is provided an apparatus for detecting a fall
of a user.

The apparatus 400 comprises a pressure sensor 410 con-
figured to obtain a data value of atmosphere pressure for
determining whether a fall occurs or not and intended to be
worn on the body of the user. The pressure sensor 410 com-
prises a pressure sensing element 450 and the pressure sens-
ing element 450 comprises an atmosphere pressure sensing
surface 430. The pressure sensing element 450 is deformable
in response to atmosphere pressure and can be configured in
many ways, for example as an elastic film. The pressure
sensing element 450 has two surfaces, one being the surface
facing a vacuum space, and the other being the atmosphere
pressure sensing surface 430 facing an atmosphere space
which is connected to the outside air via an air entrance 440
through which the atmosphere enters.

The apparatus 400 further comprises a housing 420 con-
figured to house the pressure sensor 410. The pressure sensor
410 is configured in the housing 420 in a way such that the
normal direction 435 of the atmosphere pressure sensing
surface 430 is substantially at right angles to the gravity
direction 460 when the pressure sensor 410 falls to the
ground.

When the atmosphere pressure sensing surface 430 is flat
as shown in FIG. 4 (d), the normal direction 435 of the
atmosphere pressure sensing surface 430 is the direction
extending from the pressure sensing element 450 to the atmo-
sphere space and being perpendicular to the atmosphere pres-
sure sensing surface 430. When the atmosphere pressure
sensing surface 430 is curved as shown in FIG. 4 (¢), the
normal direction 435 of the atmosphere pressure sensing
surface 430 is the direction extending from the pressure sens-
ing element 450 to the atmosphere space and being perpen-
dicular to the plane tangent to the vertex of the atmosphere
pressure sensing surface 430.

Since the normal direction 435 of the atmosphere pressure
sensing surface 430 is substantially at right angles to the
gravity direction 460 when the pressure sensor 410 falls to the
ground, the weight of the pressure sensing element 450 has
little effect on the deformation of the pressure sensing ele-
ment 450, i.e., the measured atmosphere pressure. Therefore,
the atmosphere pressure measurement error caused by
improper pressure sensor 410 orientations is almost elimi-
nated.

Referring to F1G. 4 (a) and FIG. 4 (b), in an embodiment of
the apparatus 400, the housing 420 comprises a substantially
flat surface 425 and the shape of the housing 420 is substan-
tially flat, and the pressure sensor 410 is configured in the
housing 420 in a way such that the normal direction 435 of the
atmosphere pressure sensing surface 430 is substantially par-
allel to the substantially flat surface 425 of the housing 420.

When the apparatus 400 is worn around the neck by a user,
as in the way shown in FIG. 4 (a), the normal direction 435 of
the atmosphere pressure sensing surface 430 is substantially
at right angles to the gravity direction 460. The apparatus 400
falls to the ground when a fall occurs. In most cases, the
apparatus 400 will lay on the ground in the way shown in FIG.
4 (b), because the housing 420 is flat. The normal direction
435 of the atmosphere pressure sensing surface 430 is sub-
stantially parallel to the substantially flat surface 425 of the
housing 420, therefore the normal direction 435 of the atmo-
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sphere pressure sensing surface 430 is still substantially at
right angles to the gravity direction 460 when the pressure
sensor 410 falls to the ground. So, the weight of the pressure
sensing element 450 does not affect the deformation of the
pressure sensing element 450. In this way, the pressure sensor
410 comprised in the apparatus 400 can measure the atmo-
sphere pressure correctly when the apparatus 400 is worn
around the neck or when the apparatus 400 falls to the ground.

Referring to FIG. 4 (d), in an embodiment of the pressure
sensor 410, the normal direction 435 of the atmosphere pres-
sure sensing surface 430 is parallel to the normal direction
445 of the air entrance 440. The normal direction 445 of the
air entrance 440 is the direction extending from the air
entrance 440 to the outside of the pressure sensor 410, and
being perpendicular to the plane of the air entrance 440. In
this way, the pressure sensors 410 can be configured in the
housing 420 in accordance with the orientation of the air
entrance 440, which is easy for implementation.

The housing 420 is designed to guarantee that the normal
direction 435 of the atmosphere pressure sensing surface 430
is substantially at right angles to the gravity direction 460
when the pressure sensor 410 falls to the ground. The flat
housing 420 can have many shapes. For example, the housing
420 can be in the shape of a cuboid, as shown in FIG. 4 (@) and
FIG. 4 (b).

FIG. 5 (a) and FIG. 5 (b) depict schematic diagrams of an
embodiment of the shape of the housing 420 comprised in the
fall detecting apparatus 400 comprising a pressure sensor
410. The flat housing 420 is in the shape of an ellipse. In this
case, the configuration in which the normal direction 435 of
the atmosphere pressure sensing surface 430 is substantially
parallel to the substantially flat surface 425 of the housing 420
is artificially defined as a configuration in which the normal
direction 435 of the atmosphere pressure sensing surface 430
is substantially parallel to a plane tangent to the vertex of the
substantially flat surface 425.

FIG. 6 (a) to FIG. 6 (¢) depict schematic diagrams of
another embodiment of the shape of the housing 420 com-
prised in the fall detecting apparatus 400 comprising a pres-
sure sensor 410. FIG. 6 (¢) is the view of the apparatus 400 in
FIG. 6 (a) and FIG. 6 (b) as seen from the surface 425. A
plurality of convex surfaces 610 are provided on the side
surfaces of the housing 420 to guarantee that the apparatus
400, when a fall occurs, will lay on the ground in most cases
in the way shown in FIG. 6 (5).

FIG. 7 is a flowchart illustrating an embodiment of the
method of detecting a fall of a user.

Referring to FIG. 7, the method comprises a step 710 of
obtaining first and second data values of atmosphere pressure
by first and second pressure sensors 210, 220 intended to be
worn on the body of the user. The first and second pressure
sensors 210, 220 are configured in a way such that preset
orientations of the first and second pressure sensors 210, 220
are opposite to each other.

The method further comprises a step 720 of deriving a third
data value of atmosphere pressure data for determining
whether a fall occurs or not from the first and second data
values of atmosphere pressure by a processor. Optionally, the
method may include a step 730 of determining if has
occurred.

In an embodiment of the method, each pressure sensor 210,
220 comprises a pressure sensing element 250 with an atmo-
sphere pressure sensing surface 230, and the preset orienta-
tion is the normal direction 235 of the atmosphere pressure
sensing surface 230 of each pressure sensor 210, 220.

In another embodiment of the method, each pressure sen-
sor 210, 220 comprises an air entrance 240 through which the
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atmosphere enters, and the normal direction 235 of the atmo-
sphere pressure sensing surface 230 is parallel to the normal
direction 245 of the air entrance 240.

In a further embodiment of the method, the step 720 of
deriving comprises a sub-step of deriving the third data value
of'atmosphere pressure by calculating the average of the first
and second data values of atmosphere pressure by the proces-
sor.

FIG. 8 is a flowchart illustrating an embodiment of the
method of measuring the atmosphere pressure.

Referring to FIG. 8, the method comprises a step 810 of
obtaining first and second data values of atmosphere pressure
by first and second pressure sensing elements 320, 330. Each
pressure sensing element 320, 330 comprises an atmosphere
pressure sensing surface 324, 334 which is deformable in
response to the atmosphere pressure, and the normal direction
328 ofthe atmosphere pressure sensing surface 324 of'the first
pressure sensing element 320 is configured so as to be oppo-
site to the normal direction 338 of the atmosphere pressure
sensing surface 334 of the second pressure sensing element
330.

The method further comprises a step 820 of deriving a third
data value of atmosphere pressure from the first and second
data values of atmosphere pressure data by a processor.
Optionally, the method may include a step 830 of determining
if a fall has occurred.

It should be noted that the above-mentioned embodiments
illustrate rather than limit the invention and that those skilled
in the art would be able to design alternative embodiments
without departing from the scope of the appended claims. In
the claims, any reference signs placed between parentheses
shall not be construed as limiting the claim. The word “com-
prising” does not exclude the presence of elements or steps
not listed in a claim or in the description. The word “a” or “an”
preceding an element does not exclude the presence of a
plurality of such elements. In the apparatus claims enumer-
ating several units, several of these units can be embodied by
one and the same item of hardware or software. The usage of
the words first, second and third, et cetera, does not indicate
any ordering. These words are to be interpreted as names.

What is claimed is:

1. An apparatus for detecting a fall of a user, the apparatus
comprising:

first and second pressure sensors configured to obtain first

and second data values of atmosphere pressure; and

a processor configured to derive, from the first and second

data values of atmosphere pressure, a third data value of
atmosphere pressure indicating a change in altitude
indicative of a fall;

wherein the first and second pressure sensors are config-

ured in a way such that preset orientations of the firstand
second pressure sensors are opposite to each other.

2. The apparatus as claimed in claim 1, wherein the third
data value of atmosphere pressure is derived by calculating
the average of the first and second data values of atmosphere
pressure.

3. The apparatus as claimed in claim 1, wherein the third
data value of atmosphere pressure is derived by calculating
weight values assigned to the first and second data values of
atmosphere pressure.

4. The apparatus as claimed in claim 3, wherein the weight
values are determined based on an orientation of the first and
second pressure sensors.

5. The apparatus as claimed in claim 1, wherein each pres-
sure sensor comprises a pressure sensing element with an
atmosphere pressure sensing surface, surface and the preset
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orientation is the normal direction of the atmosphere pressure
sensing surfaces of each pressure sensor.

6. The apparatus as claimed in claim 5, wherein each pres-
sure sensor comprises an air entrance through which the
atmosphere enters, and the normal direction of the atmo-
sphere pressure sensing surface is parallel to the normal direc-
tion of the air entrance.

7. The apparatus as claimed in claim 5, wherein each pres-
sure sensor comprises an air entrance through which the
atmosphere enters, and the normal direction of the atmo-
sphere pressure sensing surface is perpendicular to the nor-
mal direction of the air entrance.

8. A pressure sensor (or measuring atmosphere pressure,
the pressure sensor comprising:

first and second pressure sensing elements configured to
obtain first and second data values of atmosphere pres-
sure; and

aprocessor configured to derive a third data value of atmo-
sphere pressure from the first and second data values of
atmosphere pressure;

wherein each pressure sensing element is deformable in
response to the atmosphere pressure and comprises an
atmosphere pressure sensing surface, and the normal
direction of the atmosphere pressure sensing surface of
the first pressure sensing element is configured so as to
be opposite to the normal direction of the atmosphere
pressure sensing surface of the second pressure sensing
element.

9. An apparatus for detecting a fall of a user, the apparatus

comprising:

a pressure sensor configured to obtain a data value of
atmosphere pressure, the pressure sensor comprising a
pressure sensing element being deformable in response
to the atmosphere pressure; and

a housing configured to house the pressure sensor;

wherein the pressure sensing element comprises an atmo-
sphere pressure sensing surface and the pressure sensor
is configured in the housing in a way such that the
normal direction of the atmosphere pressure sensing
surface is substantially at right angles to the gravity
direction when the pressure sensor falls to the ground.

10. The apparatus as claimed in claim 9 wherein the hous-
ing comprises a plurality of convex surfaces.

11. The apparatus as claimed in claim 9 wherein the hous-
ing comprises six flat sides and one convex surface is formed
on four of the six flat sides.

12. The apparatus as claimed in claim 9, wherein the hous-
ing comprises a substantially flat surface and the shape of the
housing is substantially flat, and the pressure sensor is con-
figured in the housing in a way such that the normal direction
of the atmosphere pressure sensing surface is substantially
parallel to the substantially flat surface of the housing.

13. The apparatus as claimed in claim 12, wherein the
pressure sensor comprises an air entrance through which the
atmosphere enters, and the normal direction of the atmo-
sphere pressure sensing surface is parallel to the normal direc-
tion of the air entrance.

14. The apparatus as claimed in claim 9 wherein the hous-
ing comprises an elliptical portion and a flat portion.

15. The apparatus as claimed in claim 14 wherein the
normal direction of the atmosphere pressure sensing surface
is parallel to the flat portion.

16. A method of detecting a fall of a user, the method
comprising:

obtaining first and second data values of atmosphere pres-
sure by first and second pressure sensors; and
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deriving a third data value of a atmosphere pressure from
the first and second data values of atmosphere pressure
by a processor;

wherein the first and second pressure sensors are config-

ured in a way such that preset orientations of the firstand
second pressure sensors are opposite to each other.

17. The method as claimed in claim 16, wherein the step of
deriving comprises:

deriving the third data value of atmosphere pressure by

calculating the average of the first and second data val-
ues of atmosphere pressure by the processor.

18. The method as claimed in claim 16, wherein each
pressure sensor comprises a pressure sensing element with an
atmosphere pressure sensing surface, and the preset orienta-
tion is the normal direction of the atmosphere pressure sens-
ing surface of each pressure sensor.

19. The method as claimed in claim 18, wherein each
pressure sensor comprises an air entrance through which the
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atmosphere enters, and the normal direction of the atmo-
sphere pressure sensing surface is parallel to the normal direc-
tion of the air entrance.
20. A method of measuring the atmosphere pressure, the
method comprising:
obtaining first and second data values of atmosphere pres-
sure by first and second pressure sensing elements; and
deriving a third data value of atmosphere pressure from the
first and second data values of atmosphere pressure by a
processor;
wherein each pressure sensing element comprises an atmo-
sphere pressure sensing surface which is deformable in
response to the atmosphere pressure, and the normal
direction of the atmosphere pressure sensing surface of
the first pressure sensing element is configured so as to
be opposite to the normal direction of the atmosphere
pressure sensing surface of the second pressure sensing
element.



